Blood samples were taken, in monthly intervals, for 12 months from Bohemian Spotted cows between 20 and 100 days post partum for total lipids, cholesterol, glucose and urea determination. In all, 208 cows were sampled to define the relation between reproductive performance and concentration of biochemical plasma indicators. Reproductive performance was characterized by the length of the interval (average 79.67 days), service period (average 113.64 days) and insemination index (average 1.67). Average values for the entire studied period were 5.33 mmol • 1~' for plasma urea, 3.16 g • 1 1 for total lipids, 3.93 mmol • 1~' for cholesterol and 3.93 mmol • l" 1 for glucose. During the investigations the length of the interval decreased from 111.39 days to 73.57 days and service period from 137.06 days to 84.61 days. The average concentrations of urea and total lipids changed in the individual months depending on changes in feed rations. Calculated correlations between the respective biochemical blood indicators and studied reproductive indicators changed in the same way. Indicators of reproductive performance were affected by the internal environment, particularly in the case of low lipaemia, and, in contrast, in the case of high blood plasma uremia.
INTRODUCTION
The first 100 days of lactation is the period of the most intensive metabolism when the cow produces nearly 50% of milk for lactation and after successful puer-perium is expected to conceive. This is a period of increased energy requirements, frequently reflected in energy imbalance and reproductive disorders. Indicators providing information about energy insufficiency include both blood plasma lipaemia and glycaemia. Ruegg et al. (1992) concluded that conception by cows with higher concentrations of serum cholesterol was higher. Also Hang-Poung (1989) found that conception of Holstein cows was positively related with serum cholesterol concentration. Vhora et al. (1995) reported a higher level of serum cholesterol in cycling cows than in anoestrous ones. However, the difference was not highly significant. Haraszti et al. (1985) consider the concentration of serum cholesterol to be an indicator suitable for prediction of reproductive performance. Similarly, Machal et al. (1996) found that conception was more successful in cows with higher concentration of serum cholesterol and total lipids. Based on studies of changes in concentration of total lipids during gravidity and the first two months of lactation, Kampl et al. (1990) observed its increase in the post partum period, with the highest value around the 30th day. Mansfeld et al. (1996) drew attention to the relation between glucose level and fertility of cows. They found that plasma glucose levels were significantly higher in cows with fertility disorders than in cows with no disorders. Kolver and MacMillan (1994) observed marked changes in the concentrations of plasma glucose and urea in the post partum period of 40 Jersey or Holstein-Friesian cows, and a significantly important interaction between urea concentration and changes in the feed ration. Kreuzer et al. (1991) found changes in plasma urea of cows based on 11.6, 14.5 or 17.1% crude protein in diets. Ferguson et al. (1993) evaluated 627 Al in 332 Holstein cows in nine herds and found that the conception rate decreased with serum urea N>14.9 mg/dl. Dirksen et al. (1997) found that high concentrations of plasma urea may have a negative effect on fertility. Miettinen (1991) reported shorter intervals from calving to first insemination in the group with high glucose and high urea levels than in the group with low values.
MATERIAL AND METHODS
The 12 months of investigations, from November 1996 till October 1997, encompassed 208 Bohemian Spotted cows. Studied was the relation among blood plasma urea, cholesterol, glucose and total lipid concentrations, and reproductive performance. Blood samples for total lipids, cholesterol, glucose and urea were taken from cows from 20 to 100 days post partum. Blood samples, analyzed for concentrations of biochemical blood indicators, were taken once a month from cows at least 20 but not more than 100 days after calving. The observation was conducted on only clinically healthy cows, without apparent reproductive pathologies after successful puerperium. These cows were in their 1st to 8th lactations, on average 3.34 lactations. The numbers of cows in the groups ranged between 19 and 29. During the whole calendar year, 262 blood samples were taken from cows of the herd to determine the concentrations of selected blood indicators. Blood was taken either from the vena coccygea mediana or from the vena subcutanea abdominis. Blood samples were always taken between 8 and 11 a.m.
Concentrations of selected blood indicators (total lipids, cholesterol, glucose and urea) were determined from blood plasma within 24 h (colorimetric method using Bio-La assays).
In the first sampling month (November 1996) the feed ration was optimized and fed the whole period of investigations. The ration was based on maize, barley and clover-grass silage with about 35% of concentrates. From May 1997 the clovergrass silage was eliminated and substituted with unpreserved green forage.
The average annual performance for one cow was 6,850 kg of milk, 278 kg of fat and 231 kg of protein. The detection of cows in heat was conducted twice a day; the staff of the breeding organization inseminated the cows regularly with semen from twenty-three different Bohemian Spotted bulls. The reproduction performance of each cow was based on the interval (I), i.e. period from calving to first insemination, service period (SP), i.e. period from calving to conception, and insemination index (II), i.e. number of inseminations required for the cows to conceive.
The selected reproduction traits (I, SP and II) and determined values of total lipids (TL), cholesterol (Choi), glucose (Glue) and urea (U) were evaluated statistically. The correlations were defined using the calculated phenotypic correlations for every month and together for the whole year.
RESULTS
The average values of reproductive indicators and selected biochemical blood parameters in the individual months, as well as the dynamics of the values for the entire 12 months of investigations, are given in Table 1 . Blood was sampled on average 54.52 days after calving; in the individual months this interval ranged between 46.33 and 64.80 days. The average length of the interval for the whole 12-month period was 79.67 days, with the highest values at the beginning of this period (November 1996), i.e. 111.39 days, and the lowest at the end (September 1997), i.e. 64.89 days; the values dropped rapidly as early as January 1997 to 77.67 days. The dynamics of the length of the service period were similar, with maximal values in November 1996 (137.06 days) and the lowest again at the end of the studied period (84.61 days). The average length of the service period for the whole studied period was 113.64 days. The average value of the insemination index was 1.67; values were the highest in March and April 1997 (1.94 and 1.95, respectively), the lowest inNovember 1996 and October 1997 (1.35 and 1.39, respectively). Figure 1 shows the dynamics of reproduction parameters. Like the reproductive parameters, the Figure 2 gives the dynamics of selected blood indicators. The concentration of total plasma lipids was lowest at the beginning of the studied period (November 1996 -2.41 g • l 1 ), the highest at the end (October 1997 -3.70 g • l 1 ). At the beginning of the studied period the concentration of plasma urea was also high (8.66 mmol • l" 1 and 8.22 mmol • l 1 ) and was the lowest in June 1997 (3.42); at the end of the period (October 1997) the value was intermediate, i.e. 5.11 mmol • l" 1 and 5.51 mmol • l 1 . The calculated phenotypic correlations among the respective criteria (reproductive indicators, selected biochemical blood indicators and day of blood sampling) for the entire 12-month period are given in Table 2 . It was interesting to find a lower dependence of the service period and interval (r p = 0.41) and higher dependence of the length of the service period and insemination index (r p = 0.64). The total correlations were negative and low between the concentration of total lipids and length of interval and between the concentration of total lipids and length of the service period (r p = -0.13 and r p = -0.10, respectively). The relation between glucose concentration and length of interval was low and positive (r = 0.11), as was the relation between cholesterol and urea concentrations and length of the service period (r p = 0.10 and r =0.15, respectively). The relation between the day after calving and concentration of total lipids, and/or cholesterol, was positive (r = 0.20 and r p = 0.26, respectively). Table 3 shows the dynamics of the relation between the respective reproductive criteria and concentrations of biochemical blood indicators. Figure 3 gives the dynamics of concentrations of total lipids and the level of reproductive parameters in the individual months. The calculated phenotypic correlations between the concentration of total lipids and length of interval ranged between r p = -0.40 and 0.33, between total lipids and insemination index r =-0.28 and 0.43, and between total lipids and service period r p = -0.37 and 0.26. With decreasing values of the interval and service period the concentration of total plasma lipids increased. Phenotypic correlations between the concentration of plasma urea and length of interval (Figure 4 ) ranged between r p = -0.36 and 0.50, between urea concentration and insemination index r = -0.32 and 0.58, and between urea concentration and length of service period r p = -0.30 and 0.36. The relation between the concentration of plasma cholesterol and length of service period ( Figure 5 ) was mostly positive (r p = -0.20 to 0.63). The relation between the concentration of plasma glucose and length of interval and length of service period ( Figure 6 ) was mostly positive (r = -0.28 and 0.43, and r p = -0.36 and 0.62). The dynamics of relation between the day after calving and concentration of total plasma lipids is very interesting, it was mostly positive and ranged between r = -0.11 and r = 0.45. Figure 6 . Blood glucose concentration and reproductive parameters in the Bohemian Spotted cows (XI. 96-X. 97)
DISCUSSION
The first indicator of energetic imbalance at high lactation when the feed ration is unbalanced is lower reproduction performance. In the present paper we found relatively high average values of the interval (76.67 days) and service period (113.64 days). The value of the average insemination index was relatively good (1.67). The gradual decrease in average monthly values of interval length (period from calving to first insemination) from 111.39 days (November 1996) to 64.89 and 79.67 days (September and October, 1997, respectively) squared with the slow increase in average monthly concentrations of total plasma lipids from 2.41 g • l 1 in November 1996 to 3.70 g • l 1 in October 1997. The reduction of the average interval length by 37.82 days was accompanied by a radical reduction in the service period from 137.06 days to 84.61 days, i.e. by 52.45 days, and at the end of the studied period this value approached the average value of the interval, being only 11.04 days higher. During investigations the average insemination index increased from the initial 1.35 to 1.95 days. After consolidation of the dynamics of blood parameters (urea and total lipid concentrations) from July 1997 to the end of the studied period it decreased to 1.39 and was most likely associated with urea dynamics, or its increase to maximal or, on the other hand, decrease to minimal values. In the studied breed of dual-purpose cattle the shortening of the interval along with the shortening of the SP by ca 38% and slight increase in the insemination index appears to be desirable even if the insemination costs are higher, resulting in increased average values of the insemination index.
The average values of the concentration of total plasma lipids (3.16 g • 1') and cholesterol (3.93 mmol • I' 1 ) for the entire studied year represent an average range of normal values. The average glucose concentration (3.93 mmol • l 1 ) gives the upper limit value of the normal range. The average concentration of plasma urea for the whole studied period (5.33 mmol • I' 1 ) exceeded the upper limit of normal values. The low values of plasma lipaemia and high values of uremia at the beginning of the studied period showed that the feed ration was unbalanced, with excess protein and lack of energy (Kreuzer et al., 1991; Roseler et al., 1993; Kolver and MacMillan, 1994) . Urea concentration considerably decreased in May and June 1997, resulting in a temporary increase in the insemination index. This finding is in consistent with Miettinen (1991) . In terms of the interval length, moderately negative correlations (r p = -0.31 to -0.12) appear when the concentration of plasma urea is high. Towards the end of the studied period, when the average plasma urea concentration increased, intermediate negative correlations between the urea concentration and length of service period were obtained (r = -0.06 and -0.30). Miettinen (1991) presented similar results. However, the findings of Ferguson et al. (1993) for this dual-purpose commercial type of cattle were not confirmed. In terms of the relation between plasma lipaemia and reproductive performance, the domi-nating relation is between total lipid concentration and interval length, and similarly also between the concentration of cholesterol and interval length. Interesting are also the calculated negative phenotypic correlations between interval length and concentration of total lipids in months when average monthly concentrations increased markedly (from November 1996 to February 1997, and from August 1997 to October 1997). These correlations are negative and in the first period they range between r p = -0.19 and -0.08, in the 2nd period r p = -0.40 and -0.05. At the beginning of the investigations, when the concentrations of total lipids were low, the correlations between concentrations of total lipids and length of the service period were low and negative (r = -0.04 and -0.19), and when the concentrations were higher at the end of investigations they were low and positive (r = 0.04 and 0.26), with the exception of the last month. In months when the concentration of plasma cholesterol decreased, the relations between cholesterol concentration and interval length were negative (November 1996 and January 1997, r = -0.11 and -0.05, March and April 1997, r p = -0.29 and-0.27, from July to September 1997, r p = -0.02 and -0.07). The effect of the concentration of plasma glucose is mostly only momentary and does not appear until the energy intake is more balanced. The relations found between plasma lipaemia and level of reproductive indicators of cows are in accordance with the findings of Haraszti et al. (1985) , Ruegg et al. (1993) , Vhora et al. (1995) and Machal et al. (1996) . The calculated correlation coefficient between the day of blood sampling (20th to 100th day post partum) showed a predominantly positive dependence over the entire studied period (r =0.01 and 0.45), with the exception of three months when the correlation was low and positive (r p = -0.11 and 0.07). Therefore, the concentration of total plasma lipids mostly increased over the entire period between the 20th and 100th days post partum. We cannot confirm the finding of Kampl et al. (1990) that the concentration of total plasma lipids is the highest 30 days after calving. Unfortunately, we did not observe cholesterol fraction values and free fatty acids, it would be appropriate to consider them in further work.
Indicators of reproductive performance of cows are, therefore, affected by the internal environment, particularly negatively when there is an abnormal increase or decrease in the concentration of plasma urea, and also of total lipids and cholesterol. Decisive is not the overall relation between the individual averages of biochemical indicators for the entire period and the reproductive indicators, but the momentary condition depending on the immediate concentrations of the respective blood indicators.
